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Abstract 
Many studies of automotive crash statistics have shown that driver error is a major cause 
of accident and injury on the roads worldwide.  This has lead to the development of 
many active control systems to aid the driver during panic maneuvers, such as antilock 
braking systems.  Nonetheless, there has been a slow growth in the control methodology 
of these systems, with wheel speed regulation based on the information derived from a 
small number of sensors the norm across all past and present systems.  To achieve 
greater performance gains, it is important to control more vehicle parameters and obtain 
vehicle state information from larger sensor arrays.  Problems arise using traditional 
control methodology, as additional variables create exponential increases in control 
algorithm complexity, and in computational requirements. 
Artificial neural networks (ANN) are presented in literature as an artificial intelligence 
solution to approaching problems.  Significant benefits include, the ability to model 
highly non-linear and complex systems, capacity to incorporate many model inputs and 
outputs, low computational requirements and capability for self-learning from observed 
data.  However, previous work has largely been limited to simulation or very narrow 
practical testing, from which it is difficult to draw useful conclusions. 
This thesis addresses these problems by developing two new ANN systems, 
implemented in broad practical tests.  The first uses suspension and wheel speed 
vibration to intelligently predict road surface conditions, which is a major performance 
limitation in all current systems.  The second models complex vehicle dynamics through 
a large sensor array and ANN process optimisation to implement intelligent traction 
control.  This method determines the optimal driven wheel speed for maximum 
acceleration in the driver’s desired direction, in a process that is generic and adaptable to 
current and future active control systems. 
All results are derived from a real test vehicle, which was adapted for this investigation.  
This included the installation of chassis and engine sensors, data acquisition and control 
systems, engine management hardware and user interfaces, as well as constructing ANN 
models and controllers in the NI LabVIEW language.  The positive outcomes of this 
work are a step towards establishing new methods of active vehicle control on a 
statistical and quantitative basis. 
  -iv- 
 
Table of Contents 
- 1 - INTRODUCTION .................................................................................................... 1 
- 2 - VEHICLE STABILITY BACKGROUND ........................................................... 13 
2.1 SYSTEMS THAT ASSIST DRIVERS ............................................................................. 14 
2.2 TYRE DYNAMICS FUNDAMENTALS .......................................................................... 18 
2.3 CONTEMPORARY VEHICLE STABLITY CONTROL ...................................................... 33 
2.4 RESEARCH METHOD ................................................................................................ 85 
2.5 REMARKS ................................................................................................................ 93 
- 3 - ARTIFICIAL NEURAL NETWORKS ................................................................ 94 
3.1 ANN OPERATION .................................................................................................... 95 
3.2 AUTOMOTIVE ANN APPLICATIONS ....................................................................... 109 
3.3 REMARKS .............................................................................................................. 115 
- 4 - CHASSIS SENSORS AND DATA LOGGER INSTALLATION .................... 116 
4.1 TEST VEHICLE ....................................................................................................... 117 
4.2 CHASSIS SENSORS .................................................................................................. 118 
4.3 ADVANCED DASH LOGGER .................................................................................... 143 
4.4 ADVANCED DASH LOGGER INSTALLATION ............................................................ 144 
4.5 ADVANCED DASH LOGGER CONFIGURATION ........................................................ 151 
4.6 INTERPRETER SOFTWARE ....................................................................................... 152 
4.7 REMARKS .............................................................................................................. 152 
- 5 - PAVEMENT FEATURE RECOGNITION DURING STABLE DRIVING 
CONDITIONS .......................................................................................................... 154 
5.1 SURFACE PREDICTION USING ANN ........................................................................ 155 
5.2 CHOICE OF ANN MODEL ....................................................................................... 159 
5.3 DATA AQUISITION ................................................................................................. 168 
5.4 SOFTWARE ............................................................................................................. 174 
5.5 ANN MODEL ANALYSIS ........................................................................................ 193 
5.6 REMARKS .............................................................................................................. 216 
- 6 - ENGINE MANAGEMENT SYSTEM INSTALLATION ................................ 217 
6.1 TEST VEHICLE LIMITATIONS .................................................................................. 218 
  -v- 
 
6.2 FACTORY ECU ...................................................................................................... 219 
6.3 MOTEC ECU ......................................................................................................... 221 
6.4 VEHICLE SENSORS ................................................................................................. 224 
6.5 MOTEC ECU INSTALLATION ................................................................................. 231 
6.6 MOTEC ECU CONFIGURATION ............................................................................. 235 
6.7 MOTEC ECU TUNING ........................................................................................... 236 
6.8 ELECTRONIC POWER REDUCTION CONTROL .......................................................... 249 
6.9 NARROW BAND LAMBDA METER .......................................................................... 252 
6.10 REMARKS ............................................................................................................ 253 
- 7 - DATA ACQUISITION AND CONTROL SYSTEM INSTALLATION ......... 254 
7.1 PROGRAMMABLE CONTROL ................................................................................... 255 
7.2 NATIONAL INSTRUMENTS DAQ PAD ..................................................................... 257 
7.3 NATIONAL INSTRUMENTS MULTIFUNCTION DAQ ................................................. 258 
7.4 PC INSTALLATION ................................................................................................. 261 
7.5 WHEEL SPEED PIC................................................................................................. 269 
7.6 INSTALLATION AND WIRING .................................................................................. 271 
7.7 REMARKS .............................................................................................................. 275 
- 8 - INTELLIGENT STABILITY CONTROL ........................................................ 276 
8.1 RATIONALE ............................................................................................................ 277 
8.2 ANN TRACTION CONTROLLER .............................................................................. 285 
8.3 ANN CONTROL MODELS ....................................................................................... 293 
8.4 DATA ACQUISITION AND CONTROL SOFTWARE ..................................................... 301 
8.5 TEST TRACK SELECTION ........................................................................................ 307 
8.6 NON-ANN CONTROLLER PERFORMANCE .............................................................. 312 
8.7 ANN CONTROLLER DEVELOPMENT ....................................................................... 320 
8.8 PERFORMANCE APPRAISAL OF ANN CONTROL ..................................................... 344 
8.9 REMARKS .............................................................................................................. 360 
- 9 - CONCLUDING REMARKS AND PROPOSED FUTURE WORK ............... 362 
REFERENCES ............................................................................................................. 368 
APPENDICES (ATTACHED DATA DVD) .............................................................. 376
